Objectives-To determine the mortality from non-respiratory cancers by work area among active and retired male workers of the German rubber industry. Methods-A cohort of 11 633 male German workers was followed up for mortality from 1 January 1981 to 31 December 1991. Cohort members were active (n=7536) or retired (n=4127) on 1 January 1981 and had been employed for at least one year in one of five study plants producing tyres or technical rubber goods. Work histories were reconstructed from routinely documented "cost centre codes" and classified into six categories: I preparation of materials; II production of technical rubber goods; III production of tyres; IV storage and dispatch; V general service; VI others. Standardised mortality ratios (SMRs) and 95% confidence intervals (95% CIs), controlling for age and calendar year and stratified by work area (employment in respective work area for at least one year) and time related variables (year of hire, lagged years of employment in work area) were calculated from national mortality rates as the reference. Results-Significant increases in mortality were found for pharyngeal cancer in work area IV (three deaths, SMR 486, 95% CI 101 to 1419), oesophageal cancer in work area III (11 deaths, SMR 227, 95% CI 114 to 407), and leukaemia in work areas I (11 deaths, SMR 216; 95% CI 108 to 387) and II (14 deaths, SMR 187; 95% CI 102 to 213). Furthermore, increased SMRs were found for stomach cancer in work area I (22 deaths, SMR 134; 95% CI 84 to 203), colon cancer in work area II (27 deaths, SMR 131, 95% CI 86 to 191), prostatic cancer in work area V (27 deaths, SMR 152, 95% CI 99 to 221), and bladder cancer in work areas IV (six deaths, SMR 253; 95% CI 93 to 551) and V (12 deaths, SMR 159, 95% CI 82 to 279). Mortality from cancer of the liver or gall bladder, pancreas and kidney, and from lymphomas was not substantially increased in any of the work areas. Conclusions-Mortality from cancer of several sites was associated with specific work areas. Some of these associations have been reported previously. Future analyses of our study will have to determine the role of specific exposures in the aetiology of these cancers. (Occup Environ Med 1998;55:325-332) Keywords: non-respiratory cancer mortality; rubber industry; work area risk factors Previously, we reported general mortality patterns and cancer mortality by time related factors among male German rubber workers.
Previously, we reported general mortality patterns and cancer mortality by time related factors among male German rubber workers. 1 More specifically, we presented workplace risk factors for respiratory cancers. 2 In this paper we provide further results by work area for cancer sites that were selected on the basis of previous reports of an increased mortality among workers employed in the rubber industry. 3 4 Also, we report results for mortality from pharyngeal cancer, because this cancer site was of primary concern when this cohort study was launched. Furthermore, two years after the updated evaluation by an International Agency for Research on Cancer (IARC) working group, 4 a significant excess mortality from pharyngeal cancer was found among a large cohort of workers employed in the British rubber industry.
5
Methods and data analysis Cohort definition and follow up, assessment of vital status, and cause of death were described in a recent publication reporting on the general mortality experience of this cohort 1 and were summarised in part I of this report, where we also presented exposure classification, data analysis, and general cohort characteristics. 2 In both parts of this report, the mortality experience of the cohort was compared by standardised mortality ratio (SMR) analyses with the mortality of the general population. The SMRs were stratified by year of hire and cumulative duration of employment in specific work areas, implying that workers may seem to be in more than one work area. Based on specific assumptions about latency periods, duration of employment in specific work areas was lagged by five years for lymphomas and leukaemias, and 10 years for all other nonrespiratory cancers.
Results
In table 1 we give an overview of the results by work area for all 12 selected non-respiratory cancer sites. Mortalities from cancer of the liver and gall bladder (international classification of diseases ninth revision (ICD-9) 155-156), pancreas (ICD 157), kidney (ICD 189), brain, and central nervous system (CNS) , or from lymphoma were not significantly increased in any of the six work areas. For these cancers cross stratification by work area and year of hire or years of employment in respective work areas did not show any results suggestive of an aetiological role of occupational risk factors. In the interest of brevity the stratified data for these cancer sites are not reported. Results for death due to cancer of two other sites previously associated with the rubber industry in some cohort studies, skin cancer, and thyroid cancer, are not included in table 1 because the overall number of deaths were too sparse and no excess was found among the entire cohort (skin cancer, ICD-9, 172-173, two deaths, SMR 29, 95% CI 3 to 105; thyroid cancer, ICD 193, no deaths). Our findings for the remaining seven cancer ). An increased risk was found in both strata of duration of employment, but no clear trend was found.
MORTALITY FROM BLADDER CANCER
The highest risk for bladder cancer was found among workers who had been employed for more than one year in work area IV (six deaths, SMR 253, 95% CI 93 to 551, table 7). After further stratification by year of hire and by duration of employment in this work area, the highest SMRs were found among workers who had accumulated one to nine years of employment (five deaths, SMR 518, 95% CI 168 to 1207) and among workers who were hired after 1960 (two deaths, SMR 506, 95% CI 61 to 1826). No increased risk was found among workers who were employed >10 years in work area IV or who were hired before 1950. A similar pattern was found in work areas III and V. Although these data were sparse, some of the reported 95% CIs excluded the null value.
MORTALITY FROM LEUKAEMIA Roughly twofold increases of mortality from leukaemia were found among workers employed at least one year in work areas I (11 deaths, SMR 219, 95% CI 109 to 392) and II (14 deaths, SMR 189, 95% CI 103 to 317, table 8). Excess deaths were also seen in work areas IV and VI. In all these work areas the excess deaths occurred mainly among workers hired between 1950 and 1959. Longer duration of employment was associated with a higher mortality from leukaemia among workers employed in work area I. Mortality from leukaemia was significantly increased among workers who had worked >10 years in this work area (10 deaths, SMR 304, 95% CI 146 to 559). No clear trend by duration of employment was found in work area II.
Discussion
Potential limitations of this study-such as underestimation or overestimation of risks due to the census type cohort study or potentially invalid comparisons of SMRs due to diVerent age distributions of the compared populations-have been considered in a previous paper 1 and in part one of this report. 2 Therefore, the focus of this discussion will rest on the interpretation of our findings in the context of other epidemiological studies among workers employed in the rubber industry.
MORTALITY FROM PHARYNGEAL CANCER
Mortality from pharyngeal cancer was increased among our total cohort of active and retired male German rubber workers (SMR 144, 95% CI 76 to 246). 1 The analyses by work areas, presented in this paper, found increased SMRs in all six work areas. The highest increase was found in work area IV. Three other cohort studies on rubber workers provided results for cancers of the lip, oral cavity, and pharynx combined (ICD-9 140-149), but findings were inconclusive. 6 8 Only one other study among rubber workers investigated specifically the risk of pharyngeal cancer and found significantly increased deaths among the entire cohort (SMR 149), 5 but more detailed analyses identified no association with duration of employment in specific jobs. The fact that both studies which reported results specifically for pharyngeal cancer found an increased mortality deserves further attention. Based on our findings of an increased risk in work area IV, nitrosamines should perhaps be investigated further.
MORTALITY FROM OESOPHAGEAL CANCER
We found a slightly increased risk of oesophageal cancer among our total cohort of male German rubber workers. 1 The analysis by work area showed a more than twofold increase in the mortality from oesophageal cancer in tyre production, and further stratification by time related factors was consistent with an aetiological role of occupational risk factors. Other cohort studies provided limited evidence of an excess mortality. Seven cohort studies 6 8-13 found no increased mortality from oesophageal cancer. The cohort of the British Rubber Manufacturers Association (BRMA) 5 14 and a cohort study among Polish rubber workers 15 found slightly increased risks (SMRs 114-126). Subcohort analyses by work area of one study in the United States found increased mortality in reclaim workers but not in industrial product workers. 16 17 Among the BRMA cohort a significantly increased mortality in general rubber goods production (SMR 208) was found.
14 The highest point estimate for oesophageal cancer in the rubber industry was found in a Scandinavian record linkage study among vulcanisation workers, mostly vulcanising patches in rubber repair situations (eight deaths, SMR 1008). 18 Thus, for entire cohorts and subcohorts or work areas no consistent picture emerged. Interestingly, recent studies from China suggest an association of dietary nitrosamines and oesophageal cancer, 19 and our results by work area point to vulcanisation and thus possibly to nitrosamines as an occupational risk factor.
MORTALITY FROM STOMACH CANCER
In 1982 an IARC working group concluded that there was suYcient evidence for excess mortality from stomach cancer among workers employed in the rubber industry, and limited evidence for a causal association with compounding, mixing, and milling. 3 Our results support this, as we found an increased risk in work area I, which was most pronounced among workers with longer duration of employment in this work area. Three other cohort studies published after the first evaluation by IARC in 1982 reported an excess occurrence of stomach cancer (SMR 110-142) 5 8 20 whereas seven cohort studies found no increased risks. However, all studies which investigated risks by work area found increased deaths in the weighing, mixing, and milling work areas (SMR 134-160) 5 11 21 including two studies which found less deaths than expected from stomach cancer for the entire cohort. 11 21 In other work areas, such as curing, reclaim, tubes, and industrial products, or after exposure to solvents no increased risks were found. 16 17 21-23 In a nested case-control study risk factors for stomach cancer in the United States rubber industry were investigated by assessing exposure to nitrosamines, carbon black (suggestive results), detackifiers, and polycyclic aromatic hydrocarbons (PAHs) for 100 occupational titles. 24 Exposure to detackifiers showed significantly increased risks, increasing with duration of employment and years since hire. Detackifiers were mainly identified as talc, and it was suggested that asbestos contamination might be the underlying cause. Thus, increased mortality from stomach cancer was still found in studies published after 1982, and the risk seems to be confined largely to mixing, milling, and compounding. Based on the current evidence, asbestos, talc, carbon black, nitrosamines, and heavy exposure to dusts should be considered for further analyses specific to exposures.
MORTALITY FROM COLON CANCER
Among our cohort the only substantially increased mortality from colon cancer was found in work area II. Further stratification by time related variables was suggestive of occupational risk factors. Before 1982 several studies from the United States had reported a small increase in risk of colon cancer among their entire cohorts. 7 9 10 25 Yet, no substantially increased risk was found in seven cohort studies or subcohort analyses published after the evaluation by IARC in 1982. 5 8 11 13 16 22 26 Since 1982, the only excess risk among an entire cohort was found among a cohort of Polish rubber workers (SMR 165) especially among production workers (11 cases, SMR=270). The risk was most pronounced in lacquering and product building (SMR 223) and mixing, milling, and vulcanisation (SMR 227). Excess risks among processing workers-that is, in compounding, mixing, milling and extrusionwere also found in a Swedish cohort 11 and in job specific analyses of the early studies from the United States 25 27 28 Excess risks similar to our findings have only been reported by Baxter and Werner, who found an increased mortality from colon cancer in several subgroups of workers employed in the production of technical rubber goods. 6 These findings and ours were not significant. Thus the overall evidence for excess mortality from colon cancer is still limited and the excess may be concentrated among workers in the early stages of production.
MORTALITY FROM PROSTATIC CANCER
Early studies in the United Kingdom found no increased mortality from prostatic cancer among their entire cohorts and only moderately increased risks based on few deaths in cables, electrical goods, and footwear. 6 However, among United States rubber workers significantly increased risks were found in general service, 28 maintenance, 28 29 and janitoring or trucking, 30 as well as compounding, mixing, and calendering. 29 30 Only one cohort study published since 1982 found an increased risk of prostatic cancer (SMR 518), although only based on two deaths. 20 No substantially increased risks were found among five other cohorts 5 8 11 15 20 26 or subcohorts of reclaim and industrial product workers 16 17 and weighers and mixers. 11 Although our data are in agreement with these negative studies at the cohort level, our results by work area also corroborate the findings from the United States rubber industry of an increased risk of prostatic cancer in maintenance and general service. Furthermore, these results are supported by a recently published review, where it was concluded that repairmen were at increased risko of prostatic cancer. 31 However, specific occupational risk factors for prostatic cancer remain largely unknown.
MORTALITY FROM BLADDER CANCER
Based on studies among British rubber workers the IARC working group concluded that there was suYcient evidence for excess mortality from cancer of the bladder. 3 The risk was found among workers employed before 1950 in various work areas, mostly compounding and milling, that were linked to exposure to aromatic amines, especially -naphthylamine and perhaps benzidine. 6 14 32 33 In cohort studies in the United Kingdom published after 1982 no further excess was found. 5 33 34 Analyses of subcohorts of the United States studies (industrial products, curing, and reclaim) found non-significant SMRs between 130 and 230 (based on five to 21 cases). 16 17 22 As in an earlier publication, the excess was only found among workers hired before 1945. 17 Studies from Italy, 12 20 Sweden, 11 35 Norway, Poland, and Russia also found increased risks of bladder cancer (SMR >140) among the total cohort or in diVerent departments. 8 15 26 Excess risks were found in mixing and milling, 12 15 20 tyre building, 12 26 and various other departments. 16 17 22 26 35 Thus epidemiological publications since 1982 corroborated the evidence for an increased mortality from bladder cancer among workers employed in the rubber industry. In our cohort an excess of bladder cancer was found among workers hired after 1960 (11 deaths, SMR 214, 95% CI 107 to 384). 1 To date these are the most reported deaths among workers hired after 1960. The highest point estimate was found in storage and dispatch, but a similar pattern was also noted in work area III. Other studies that presented risk estimates for workers hired after 1950 found an excess occurrence of bladder cancer among the entire cohort (based on one case), 20 or based on two cases, among a subcohort of other workers. 35 Further evidence for an excess risk of bladder cancer among rubber workers presumably not exposed to ß-naphthylamine came from a Canadian proportionate mortality study. Among workers of a rubber plant that never used -naphthylamine, benzidine, 4-aminobiphenyl, or 4-nitrobiphenyl, an excess risk of bladder cancer was found (SPMR 128). 36 In two epidemiological studies among workers who were employed at plants manufacturing chemicals, an excess of bladder cancer was associated with occupational exposure to o-toluidine and aniline 37 or arylamines other than benzidine or -naphthylamine. 38 Thus, aromatic amines other than -naphthylamine or benzidine might be risk factors for bladder cancer in some subcohorts of rubber workers hired after 1950. However, in our cohort, contamination of other aromatic amines by -naphthylamine until the mid-60s might also account for at least part of the increased number of deaths. Finally, based on animal experiments and epidemiological studies in non-occupational settings, nitrosamines have been suspected of causing bladder cancer, and therefore warrant attention in further exposure specific analyses. 19 
MORTALITY FROM LEUKAEMIA
In 1982 the IARC working group concluded that there was suYcient evidence for excess mortality from leukaemia among workers employed in the rubber industry. Among a British cohort an excess of myeloid leukaemia was associated with one tyre plant where plastic film manufacturing entailed exposure to benzene. 6 Similar Pliofilm production in the United States also resulted in exposure to benzene and excess mortality from myeloid leukaemia. 39 Yet, contrary to the British findings, the excess mortality from leukaemia in American rubber cohorts was most notably for lymphocytic leukaemia in various departments. 27 30 40 Nested case control studies of the American cohorts 41 42 elucidated that this excess was confined to one company, and investigating the same 10 to 15 cases it was concluded from further case-control studies that other solvents besides benzene might have played a causal part. 23 43 44 Subsequently, the excess risk for lymphocytic leukaemia in the American rubber industry was supported by two subcohort analyses. 22 45 Except for the British BRMA study, 5 we report here the largest number of cases of leukaemia among rubber workers since the last IARC evaluation. Our data suggest an association between mortality from leukaemia and occupational exposure in work areas I and II, where exposure to solvents may have been high. This association was most prominent among workers hired between 1950 and 1960. Since 1982 three cohort studies among rubber workers from other countries reported results for all haematological neoplasms combined (ICD-8 200-209 or ICD-9 200-208). 8 15 35 Only one cohort study presented specific results for myeloid leukaemia (ICD-8 205) and other leukaemias (ICD-8 207): Mortality from myeloid leukaemia was increased, but the result was based on only two cases. 20 All other studies reported results for all leukaemias combined (ICD-8 204-207, or leukaemia). Four cohorts found no increased risk of leukaemia, but except from the BRMA study, 5 the observed numbers of cases were small. 11 12 46 Work area specific analyses of two of these studies found no excess risk in weighing, mixing, 11 or among workers exposed to dust, fumes, or solvents. 5 Among rubber workers 26 (SMR=191) and vulcanisation workers 18 an almost twofold excess was found in two Scandinavian studies. The excess among Norwegian rubber workers was discussed in association with exposure to a glue containing benzene. 26 It is known that exposure to solvents in the rubber industry occurred mainly in parts of work area I (where solutions were made up) and in component assembly, 3 the same work areas where excess mortality in our cohort study was found. However, no further evidence for causal associations with specific exposures, especially solvents, in the rubber industry was provided in studies published since 1982 and the question of leukaemia subtypes remained unsolved.
As for most other cohort studies on rubber workers, our results are stratified by work areas because information on exposure to specific carcinogens is currently not available. Furthermore, none of the studies on non-respiratory cancers among rubber workers discussed had suYcient information to control for smoking and alcohol habits, which are known risk factors and potential confounders for most of the cancer sites discussed. However, as indirect evidence, it may be of interest that two studies on risks of lung cancer in the rubber industry found no indication that the observed risks were confounded by smoking. 13 47 
Conclusion and outlook
Mortality from cancer of several sites was associated with employment in specific work areas, some of which have been associated in previous reports. Future analyses of our study will have to determine the role of specific exposures or exposure mixtures in the aetiology of these cancers. Nitrosamines have been discussed as risk factors for cancers at several sites found in excess in our cohort, including cancer of the oesophagus, pharynx, stomach, and bladder. Also, we attempted to include assessments of exposure to asbestos and talc, carbon black, solvents, and aromatic amines in a time, cost centre code, and plant specific job exposure matrix.
